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We study the motion of magnetic skyrmions in a nanowire induced by a spin-wave current J flowing out
of a driving layer close to the edge of the wire. By applying micromagnetic simulation and an analysis of the
effective Thiele equation, we find that the skyrmion trajectory is governed by an interplay of both forces due to
the magnon current and the wire boundary. The skyrmion is attracted to the driving layer and is accelerated by
the repulsive force due to the wire boundary. We consider both cases of a driving longitudinal and transverse to
the nanowire, but a steady-state motion of the skyrmion is only obtained for a transverse magnon current. For
the latter case, we find in the limit of low current densities J the velocity-current relation v ∼ J/α where v
is the skyrmion velocity and α is the Gilbert damping. For large J in case of strong driving, the skyrmion is
pushed into the driving layer resulting in a drop of the skyrmion velocity and, eventually, the destruction of the
skyrmion.
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I. INTRODUCTION
Magnetic skyrmions are topological protected textures of
the magnetization [1–3], that have been observed experimen-
tally in various magnetic materials, in bulk systems, thin mag-
netic films, and magnetic multilayers [4–18]. As a topolog-
ical object, the skyrmion is stable and possesses a peculiar
particle-like nature, which makes it suitable for the application
as an information carrier. Indeed, a number of theoretical and
numerical works have demonstrated that magnetic skyrmions
could be essential components for future magnetic and spin-
tronic devices for data storage and computation [19–38].
The position of an isolated magnetic skyrmion can be ma-
nipulated by an external driving force. A spin-polarized elec-
tric current has been reported to be an effective driving force
for the motion of magnetic skyrmions in confined geome-
tries [14, 21, 22, 39–41]. In addition, the scattering of a
propagating spin wave has been demonstrated to generate a
momentum-transfer resulting in a skyrmion or domain wall
motion [42–50]. In the absence of boundaries, the skyrmion
will be driven towards the magnon source, i.e., the skyrmion
velocity posses a component antiparallel to the magnon cur-
rent [42–45]. In confined geometries, the boundary acts as a
potential barrier and its repulsive force can also result in an
effective motion parallel to the magnon current [46, 47].
In this paper, we study in detail the motion and dynamics of
an isolated magnetic skyrmion in a magnetic nanowire driven
by spin waves travelling longitudinal or transverse to the wire.
As the magnon current decays on a length scale set by the
Gilbert damping, the longitudinal driving is only viable for
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short wires. For transverse driving, a steady-state skyrmion
motion is obtained with a characteristic velocity-current re-
lation. We find that it is determined by an interplay of the
magnonic driving and the repulsive potential arising from the
edge of the wire. For large magnon currents, however, the
skyrmion is pushed into the driving layer, that generates the
spin waves, leading to a breakdown of the skyrmion velocity.
Our results provide a guide for future experimental studies on
skyrmion motion in confined geometries driven by magnonic
momentum-transfer forces.
II. RESULTS
We consider a magnetic wire with a surface-induced
Dzyaloshinskii-Moriya interaction that stabilizes magnetic
skyrmions, see Appendix A for details. The motion of an iso-
lated magnetic skyrmion is investigated that is driven by spin
waves propagating longitudinal and transverse to the wire. We
first discuss the resulting skyrmion trajectories and then turn
to a discussion of the relation between the driving current and
the skyrmion velocity in the steady state.
A. Skyrmion trajectories for longitudinal and transverse
driving by spin waves
We first present results for the skyrmion trajectories ob-
tained with the help of micromagnetic simulations. As shown
in Figs. 1 and 2, we consider a nanowire consisting of a
magnetic layer with a length l = 400 nm in the x-direction
and various different widths w = 400, 200, 100, and 50 nm
in the y-direction corresponding to panels (a)-(d), respec-
tively. The thickness of the magnetic layer in the z-direction
is fixed at 1 nm. The initial magnetization profile of the mag-
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FIG. 1. Snapshots of a skyrmion driven by magnons parallel to the nanostrip of length l = 400 nm. (a1)-(a4): the width w = 400 nm of the
strip is equal to the length; (b1)-(b4): w = 200 nm; (c1)-(c4): w = 100 nm; (d1)-(d4): w = 50 nm; time steps of the snapshots are indicated.
An RF field with an amplitude of Ha = 1000 mT and a frequency of f = 200 GHz is applied at the left edge of all samples, producing
magnons traveling towards the right edge. The Gilbert damping α = 0.02. The inset of (a1) shows the structure of the Néel-type skyrmion
in our simulation, which is indicated by blue circles in all snapshots. The color scale shows the in-plane component of the magnetization mx,
which is rescaled to [−0.1,+0.1] in order to show the magnon profile more clearly. A length scale is also provided.
netic layer corresponds to a magnetization pointing along the
+z-direction except at the center of the sample, where the
skyrmion is initially located, and at the sample edges, where
the magnetization is tilted due to the Dzyaloshinskii-Moriya
interaction.
Two setups with longitudinal and transverse driving are
considered, Figs. 1 and 2, respectively. The driving is gen-
erated by a locally applied oscillating magnetic field, that is,
a radio frequency (RF) field. It is applied only within a nar-
row strip of width 15 nm that is either located on the left-hand
side of the sample for longitudinal driving or at the top of
the nanowire for transverse driving. We consider a RF field
H = Ha sin (2pift)sˆ with amplitude Ha = 1000 mT and fre-
quency f = 200 GHz. It possesses a longitudinal polarization
with sˆ = yˆ for Fig. 1 and sˆ = xˆ for Fig. 2. More details on the
simulation and material parameters are given in Appendix A.
We first discuss the situation of longitudinal driving. Fig-
ure 1(a1) shows the case of a square-shaped thin film where
l = w = 400 nm at time t = 0. The panels (a2)-(a4)
show snapshots at later times after the driving field has been
switched on. The RF field at the left edge produces spin waves
traveling towards the right, along the length direction of the
sample. Since the magnetic skyrmion is far away from the
sample edges, we observe a nearly pure skew scattering be-
tween the propagating spin wave and the magnetic skyrmion,
which is in good agreement with that reported in Ref. 44. In-
deed, the spin wave-skyrmion scattering leads to a backwards
motion of the magnetic skyrmion. It can be seen that the mag-
netic skyrmion basically moves against the propagation direc-
tion of the spin wave, and reaches the left edge in a finite time.
In addition, the skyrmion gets slightly dragged towards the
upper edge.
The width in Figs. 1(a) is sufficiently large so that the
skyrmion reaches the magnon source before it touches the up-
per edge of the wire. The situation changes when the track
is narrower. In Figs. 1(b) the width is w = 200 nm and the
skyrmion still has not reached the upper edge at a time t = 15
ns. However, for even narrower wires with w = 100 nm and
w = 50 nm, see Figs. 1(c) and 1(d), it reaches the edge af-
ter a short time. Close to the edge, the skyrmion changes the
direction of its motion. Instead of approaching the driving
layer, the skyrmion moves along the edge away from it. This
evading motion along the edge is also much faster than the
attractive motion towards the magnon source.
For the transverse driving we observe similar effects. The
RF field is applied on the upper edge of the nanowire, see
Fig. 2, in the same wire geometries as for the parallel driving.
Due to the oscillating magnetic field, magnons are excited and
propagate downwards along the−y-direction. The interaction
with magnons pushes the skyrmion towards the upper edge of
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FIG. 2. Snapshots of a skyrmion driven by magnons transverse to the nanostrip of length l = 400 nm. (a1)-(a4): the width w = 400 nm of the
strip is equal to the length; (b1)-(b4): w = 200 nm; (c1)-(c4): w = 100 nm; (d1)-(d4): w = 50 nm; time steps of the snapshots are indicated.
An RF field with an amplitude of Ha = 1000 mT and a frequency of f = 200 GHz is applied at the lower edge of all samples, producing
magnons traveling towards the upper edge. The Gilbert damping α = 0.02. The inset of (a1) shows the structure of the Néel-type skyrmion
in our simulation, which is indicated by blue circles in all snapshots. The color scale shows the in-plane component of the magnetization my ,
which is rescaled to [−0.1,+0.1] in order to show the magnon profile more clearly. A length scale is also provided.
the wire with a slight side-shift to the right-hand side. This
can be particularly well seen for the wide wire in Figs. 2(a).
This setup is however too wide to observe the effects from the
sample edge within the simulated time span. In contrast to the
longitudinal driving mechanism, the skyrmion is now driven
faster towards the upper edge, which becomes apparent for the
narrower wires shown in Figs. 1(b)-(d). When the skyrmion
arrives at the edge, it speeds up dramatically and moves along
the upper edge towards the right-hand side. It reaches the end
of the wire in a much shorter time than for longitudinal driv-
ing.
B. Thiele approximation
The skyrmion trajectories observed by our micromagnetic
simulation can be understood in the framework of an effec-
tive Thiele equation of motion for the skyrmion [51]. Within
this description, the skyrmion coordinate R is governed by
the equation
G× R˙+ αD · R˙ = F (R) (1)
whereG = Gzˆ is the gyrocoupling vector with G < 0, which
is related to the topological winding number of the skyrmion,
α is the Gilbert damping, and D the dissipative tensor which
can be approximated to be diagonal, Dij = Dδij . The force
on the right-hand side is attributed to the magnon driving and
the edge of the sample, F = F edge + Fmag.
Close to the edge, the Dzyaloshinskii-Moriya interaction
leads to a twist of the magnetization [52] that acts as a repul-
sive potential for the skyrmion [22, 26]. To a good approxi-
mation, this potential falls off exponentially with the distance
to the edge [53]. We thus describe the repulsive force by the
edges of a nanostrip of width w by a superposition of edges at
positions y1 = 0 and y2 = w:
F edge(R) = −Vedge∇
(
e
− yLedge + e
y−w
Ledge
)
. (2)
where Vedge > 0 parametrizes the strength of the potential and
Ledge the penetration depth of the magnetization twist.
The momentum-transfer from the magnon current to the
skyrmion also results in a force,
Fmag(R) = Je
− r·qˆLmag q
(
σ‖qˆ + σ⊥(zˆ × qˆ)
)
, (3)
where J > 0 is the two-dimensional magnon-current den-
sity, and ~q is the wavevector of the spin wave with q = |~q|
and qˆ = ~q/q. It was shown in Refs. [42] that the force is
4FIG. 3. Trajectories (black arrows) of a magnetic skyrmion de-
rived within the Thiele approximation. The skyrmion is driven by
magnons from a source (red line) and flowing longitudinal (a) and
transverse (b) to the nanotrack (gray boundaries). Skyrmions in one
of the colored areas either run free along the track (blue) or get cap-
tured by the magnon source (red). Areas with different scenarios
are divided by a separatrix (white). Parameters are D/|G| = 1,
α = 0.01, σ‖/Ledge = 0.1, σ⊥/Ledge = 0.1, w/Lmag = 5 for both
plots and Lmag/Ledge = 1 and Jq/Vedge = 3 for the parallel driv-
ing (a) and Lmag/Ledge = 3 and Jq/Vedge = 0.01 for the transverse
driving (b).
determined by the two-dimensional transport scattering cross
section of the skyrmion, σ‖ and σ⊥, longitudinal and trans-
verse to the flow direction qˆ of the magnon current. In gen-
eral, they depend in a non-trivial manner on the magnon fre-
quency. In the high-frequency limit or, equivalently, for large
magnon wavevectors q [45], the transverse transport scatter-
ing cross section is universal σ⊥ ≈ 4pi/q and σ‖ ∼ 1/q2 so
that σ⊥ > σ‖ > 0. We also accounted for the decay of the
magnon current on a length scale set by the Gilbert damping,
1/Lmag ≈ α
√
m
2~2pif where m is the magnon mass and f is
the frequency of the wave.
The solution of the Thiele equation is plotted in Fig. 3 for
some set of parameters. For longitudinal driving in panel (a),
the wire can be divided into two different areas. The skyrmion
trajectories belonging to the red shaded area, on the one hand,
will end up at the driving layer (red line). When the skyrmion
starts within the blue shaded area, on the other hand, it will
be driven away from the driving layer. The interplay between
the magnon and edge forces dominates the motion. As the
magnon current decays exponentially on the length scale Lmag
with increasing distance to the driving layer, the magnon force
that keeps the skyrmion close to the edge also decays so that
eventually the skyrmion slowly approaches the center of the
wire. The red and blue shaded areas are separated by a critical
skyrmion trajectory (white line). In any case, the longitudinal
driving setup will not produce a steady state.
In case of transverse driving in Fig. 3(b), a skyrmion ini-
tially positioned at the center of the wire gets attracted to-
wards the driving layer at the top of the wire. At the same
time, it gets repelled by the edge twist of the magnetization
and if the driving is not too strong the skyrmion reaches a
steady state with vys = 0 and a constant velocity, vxs, along
the edge. Within the Thiele approximation, this saturated ve-
locity is given by
vxs =
J
αD
ey/Lmagqσ⊥ ≈ 4piJ
αD
(4)
It depends on the steady state distance to the edge, y, which is
in turn governed by the driving amplitude J . The last equation
applies in the high-frequency limit σ⊥ ≈ 4pi/q and, in addi-
tion, y/Lmag  1. In the limit of a small driving amplitude
Ha, the current J will obey Fermi’s Golden rule J ∝ |Ha|2. In
this case, the saturated velocity will scale as vxs ∝ |Ha|2/α.
C. Damping dependence of the skyrmion motion
In order to study the dependence of the skyrmion motion
on the Gilbert damping parameter α, we performed further
simulations with a long and narrow wire with w = 60 nm
and l = 1000 nm for various values of α in the range from
0.01 to 0.05. We consider two amplitudes for the excitation
field Ha = 300 mT and Ha = 1000 mT with a frequency
f = 180 GHz. The results are shown in Fig. 4. All setups
share the common property, that the skyrmion moves faster
and also further if the damping is lower. The exact dependence
on the damping is, however, very different for longitudinal and
transverse driving.
For longitudinal driving in Fig. 4(a), the skyrmion started
within the blue shaded area of Fig. 3(a) so that its motion is
eventually along the edge of the wire. The distance travelled
after a time of 7 ns for a driving amplitudeHa = 1000 mT de-
creases approximately exponentially with increasing α. While
for the lowest simulated damping, α = 0.01, the skyrmion
travels 514 nm, it travels only half as far (254 nm) if the damp-
ing is doubled to α = 0.02. If we increase the damping fur-
ther by another ∆α = 0.01, the travelled distance again de-
creases by a factor 2 to only 139 nm. At even larger damping,
α = 0.04, the skyrmion moves 81 nm. The corresponding
components of the velocity along the track, vx(t), are shown
in Fig. 4(b). The period of acceleration lasts approximately
5 ns for low damping, α = 0.01, and becomes shorter with
increasing damping. After the peak velocity is reached, the
skyrmion decelerates again. This peak velocity can be up to
∼ 90 m s−1 for α = 0.01, while it is only ∼ 45 m s−1 for
α = 0.02 and ∼ 25 m s−1 for α = 0.03. If we lower the RF
field amplitude down toHa = 300 mT, see Fig. 4(c), the over-
all shape of the velocity curves stays the same but the time
axis rescales with a factor ∼ 2 while the value of the velocity
rescales by ∼ 0.2. The highest velocity, at α = 0.01, is now
only ∼ 20 m s−1 and already < 5 m s−1 for α = 0.03. For
α > 0.03 the motion is almost immediately damped out.
For transverse driving in Fig. 4(d), the skyrmion moves
much faster and further as compared to longitudinal driving.
For low damping α = 0.01, the skyrmion travels 695 nm
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FIG. 4. Travelled distance and velocity of a single skyrmion in a nanowire (1000 nm× 60 nm× 1 nm). Snapshots of the system after 7 ns are
shown for longitudinal (a) and transverse (d) driving with different damping coefficients α. Magnons are excited by an RF field as indicated
with Ha = 1000 mT and f = 180 GHz. The color scale represents the out-of-plane component of the magnetization mz . In panel (b), (c) and
(e),(f), the velocity parallel to the wire as a function of time, vx(t), is shown for longitudinal and transverse driving for two different driving
amplitudes Ha = 1000 mT and Ha = 300 mT and for various damping coefficients α as given in the inset of (b). The curves are only plotted
in the regime, where the skyrmion is sufficiently far from the end of the wire.
to be compared with 514 nm for longitudinal driving. For
large damping α = 0.04 the skyrmion still travels 555 nm.
A closer look at the corresponding velocity, see Fig. 4(e), re-
veals that after an acceleration time of ∼ 2 ns the skyrmion
velocity reaches a steady state. For all simulated damping
constants, α ∈ [0.01, 0.05], the saturated velocities, vxs, are
in the regime of 75 up to 110 m s−1 forHa = 1000 mT, which
is only comparable to the peak velocity at lowest damping for
longitudinal driving. The dependence of vxs on the Gilbert
damping becomes much more pronounced for smaller driving
amplitude Ha = 300 mT as shown in Fig. 4(f).
D. Steady-state motion for transverse driving
For transverse driving, the skyrmion motion can assume
a steady state with a constant, saturated velocity. In order
to compare with the expression in Eq. (4) predicted by the
Thiele approximation, we obtained the saturated velocity for
transverse driving with the help of micromagnetic simulations
using damping coefficients α = 0.01 up to 0.05 and driving
amplitudes within the range from 0 to 3200 mT at a fixed fre-
quency of 180 GHz. The results are shown in Fig. 5 as a
function of the scaling variable H2a /α.
For small values ofH2a /α < 10×
(
103 mT
)2
, the data col-
lapses onto a universal straight line corroborating the predic-
tion from the Thiele approximation (4) using Fermi’s Golden
rule J ∝ |Ha|2. For larger values, the data still follows ap-
proximately a common curve but the steep increase of vxs
flattens out. Close to the value H2a /α ≈ 70 ×
(
103 mT
)2
,
the saturated velocity vxs with damping α = 0.05 shows a
cusp and abruptly decreases. Subsequently, at higher values
of H2a /α the velocities for smaller damping parameters also
exhibit a sudden breakdown.
In order to elucidate this sudden decrease of the saturated
velocity, we show in Fig. 6(a) the saturated velocity vxs versus
the driving amplitude Ha at a fixed damping α = 0.04. De-
pending on the strength of Ha, we can distinguish four differ-
ent scenarios A to D. Snapshots of the skyrmion correspond-
ing to these scenarios are shown in panel (b). The shaded area
at the top corresponds to the strip where the oscillating driving
field is applied. The scenarios are characterized as follows.
Scenario A (green region) corresponds to lowest driving
fields. In the range from Ha = 0 up to 1200 mT, the satu-
rated velocity vxs first increases with H2a /α as predicted from
the Thiele approximation and then turns to a less steep in-
crease. In this regime, the skyrmion smoothly moves along
the nanotrack, and does not suffer any significant deforma-
tions. Moreover, only a minor fraction of the skyrmion area
has entered the region where the oscillating RF field is ap-
plied, see Fig. 6(b-A).
Scenario B (blue region) is the intermediate regime between
Ha = 1200 and 2200 mT. Here, the saturated velocity still
increases with the amplitude of the stimulating RF field but
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FIG. 5. Saturation velocity vxs of a skyrmion in a nanostrip as a func-
tion of the scaling variable H2a /α where Ha is the driving amplitude
and α is the Gilbert damping. Results from micromagnetic simula-
tions for transverse driving. The stimulating field Ha ranges from 0
to 3200 mT and the frequency is fixed to f = 180 GHz. Dimensions
of the strip are 1000 nm × 60 nm × 1 nm. The saturation velocity
vxs is measured when the skyrmion velocity is converged. The in-
set shows a close-up for low driving where the data approximately
collapses onto one single curve.
the increase is less steep than in scenario A. This is related to
a power loss from the emission of additional spin waves by
the skyrmion, which can be discerned in our simulations.
Scenario C (yellow region) is obtained in the range from
Ha = 2200 up to 3200 mT which is the highest accessible
driving amplitude. In this regime the saturated velocity sud-
denly drops to a lower value. We can associate this sudden
drop with the excitation of the internal breathing mode of the
skyrmion. As can be seen in Fig. 6(b-C), a sizeable fraction
of the skyrmion is located within the area of the applied RF
field, which facilitates the excitation of internal modes.
Scenario D (red region) is the regime where the drive is so
strong that the skyrmion will be destroyed shortly after the RF
field is applied. In this limit, Ha > 3200 mT, the skyrmion is
driven so hard towards the edge that it is eventually pushed
over the edge barrier. The topologically non-trivial skyrmion
then unwinds and disappears. A snapshot of the destruction
process is shown in Fig. 6(b-D).
It is worth mentioning that, for the purpose of avoiding
the reflection of spin waves on the sample edges, absorbing
boundary conditions (ABCs) are implemented in all simula-
tions discussed above. However, in real-world experiments
with nanoscale samples, the sample edges might indeed reflect
spin waves. Hence, for comparison, we also performed sim-
ulations with open boundary conditions (OBCs) for the rep-
resentative case of a 1000 nm × 60 nm × 1 nm nanotrack,
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3 0
6 0
9 0
1 2 0
( b )
 
 
v xs (
m s
-1 )
H a  ( m T )
( a )
A B C D A  ( H a  =  6 0 0  m T ) B  ( H a  =  1 8 0 0  m T )
C  ( H a  =  2 8 0 0  m T ) D  ( H a  =  3 5 0 0  m T )
FIG. 6. (a) The saturation velocity vxs of a skyrmion driven by a
transverse magnon current in a nanostrip as a function of the stimu-
lating field amplitude Ha. Results from micromagnetic simulations.
Four different scenarios are marked with a letter and background
color. “A”, green: the skyrmion moves rigidly along the edge of
the nanotrack. “B”, blue: the skyrmion moves along the nanotrack
and simultaneously emits spin waves. “C”, yellow: the skyrmion
moves along the nanotrack, emits spin waves, and periodically ex-
pands/shrinks in size, i.e., its breathing mode is excited. “D”, red: the
skyrmion is driven into the edge and gets destroyed when touching
it. The frequency of the RF field is f = 180 GHz and the damping
coefficient is α = 0.04. Dimensions of the strip are 1000 nm × 60
nm × 1 nm. (b) Snapshots of the magnetization in the four regimes
described in (a). The RF field is applied at the upper edge with a
width of 15 nm, which is indicated by the shadowed area. The color
scale shows the component of the magnetization mz , perpendicular
to the film. Black arrows indicate the in-plane components.
where the skyrmion is driven by a transverse magnon cur-
rent. As shown in Fig. 7(a), the nanotrack with ABCs has
an exponentially increasing damping coefficient at the edge,
while the nanotrack with OBCs has a uniform damping co-
efficient. Fig. 7(b) shows the saturation velocity vxs of a
skyrmion driven by a transverse magnon current as a func-
tion of the stimulating field amplitude Ha for the models with
ABCs and OBCs. The comparison shows that, when the stim-
ulating field is relatively small (Ha < 500 mT), the results ob-
tained for the model with OBCs are in good agreement with
those obtained for the model with ABCs. The reason is that
the reflection of magnons is negligible if the exciting field is
sufficiently small. Also, the skyrmion barely enters the region
of increased damping at the edge. However, when the stimu-
lating field is relatively large (Ha > 500 mT), the results for
vxs obtained for the model with OBCs differ quantitatively
from those obtained for the model with ABCs, and the dif-
ference increases with increasing Ha. Nevertheless, it can be
seen that qualitatively the four different scenarios can also be
identified for the model with OBCs, which are now shifted to
lower field values Ha.
III. SUMMARY
We studied in depth the motion of an isolated magnetic
skyrmion in a nanotrack driven by a magnonic momentum-
transfer force provided by a spin wave. We considered two se-
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FIG. 7. (a) Damping coefficient as a function of y coordinate for
the absorbing boundary conditions (ABCs) and open boundary con-
ditions (OBCs). (b) The saturation velocity vxs of a skyrmion driven
by a transverse magnon current in a nanostrip as a function of the
stimulating field amplitudeHa for the models with ABCs and OBCs.
The results for these two cases start to differ above H = 500 mT
(vertical dashed line).
tups where spin waves are excited either longitudinal or trans-
verse to the nanotrack. We find that the longitudinal driving is
less efficient partly due to the damping of the spin waves.
For transverse driving, the skyrmion motion attains a
steady-state with constant velocity along the track. We ana-
lyzed the saturated velocity, vxs, as a function of the Gilbert
damping α and the driving amplitude Ha of the magnetic
field that generates the spin waves. It obeys for low driv-
ing the scaling relation vxs ∝ J/α ∝ |Ha|2/α where the
magnon current amplitude J ∝ |Ha|2. The enhancement of
the skyrmion velocity by the factor 1/α is comparable to pre-
vious results obtained for the skyrmion motion in confined
geometries but driven by electronic spin currents [22, 53].
For large transverse driving, the skyrmion is pushed into the
driving layer and additional magnon modes and even the in-
ternal breathing mode of the skyrmion get excited. This limits
a further increase of the skyrmion velocity and, finally, results
in a destruction of the skyrmion.
Our study demonstrates that the position of a skyrmion
can be efficiently manipulated by the magnonic momentum-
transfer force, and it elucidates the principle of a magnon-
driven skyrmion motion which might be of interest for practi-
cal applications.
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APPENDIX A: MICROMAGNETIC MODELING
We performed three-dimensional (3D) micromagnetic sim-
ulations by using the 1.2a5 release of the Object Ori-
ented MicroMagnetic Framework (OOMMF) software devel-
oped at the National Institute of Standards and Technology
(NIST) [54]. The simulations are handled by the OOMMF
extensible solver (OXS) objects of the standard OOMMF
distribution with the OXS extension module for simulat-
ing the interface-induced Dzyaloshinskii-Moriya interaction
(DMI) [52]. The magnetization dynamics are controlled by
the Landau-Lifshitz-Gilbert (LLG) equation [54–56] given as
dM
dt
= −γ0M ×Heff + α
MS
(M × dM
dt
), (A1)
where M is the magnetization, Heff = −µ−10 ∂E∂M is the ef-
fective field, t is the time, γ0 is the gyromagnetic ratio, α is
the Gilbert damping coefficient, and MS = |M | is the satura-
tion magnetization. The average energy density E of the sys-
tem contains the exchange energy, the anisotropy energy, the
applied field (Zeeman) energy, the magnetostatic (demagneti-
zation) energy, and the DMI energy terms, which is expressed
as follows
E =A[∇(M
MS
)]2 −K (n ·M)
2
M2S
(A2)
− µ0M ·H − µ0
2
M ·Hd(M)
+
D
M2S
(Mz
∂Mx
∂x
+Mz
∂My
∂y
−Mx ∂Mz
∂x
−My ∂Mz
∂y
),
where A and K are the exchange and anisotropy energy con-
stants, respectively. H and Hd(M) are the applied field and
the magnetostatic self-interaction field. The Mx, My and Mz
are the components of the magnetizationM . The five terms at
the right-hand side of Eq. A2 correspond to the exchange en-
ergy, the anisotropy energy, the applied field (Zeeman) energy,
the magnetostatic (demagnetization) energy, and the DMI en-
ergy, respectively. The material parameters used by the sim-
ulation program are adopted from Refs. 21, 25–29, 34, and
46: the Gilbert damping coefficient α = 0.01 ∼ 0.05, the
gyromagnetic ratio γ = −2.211×105 m A−1 s−1, the satura-
tion magnetizationMS = 580 kA m−1, the exchange stiffness
J = 15 pJ m−1, the interface-induced DMI constant D = 3.5
mJ m−2, and the perpendicular magnetic anisotropy (PMA)
constant K = 0.8 MJ m−3, unless otherwise specified. The
simulated models are discretized into tetragonal cells with the
optimum cell size of 2 nm × 2 nm × 1 nm, which offers a
good trade-off between the computational accuracy and effi-
ciency. Absorbing boundary conditions are implemented in
all simulations (except the simulations given in Fig. 7) in or-
der to avoid the reflection of spin waves on the sample edges.
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